Nanoparticles of Zn1−xCuxO system with nominal compositions x = 0.0, 0.01, 0.02 and 0.03 were prepared by co-precipitation method at room temperature. Structural, morphological, optical and chemical species of grown crystals were investigated by X-ray diffraction (XRD) technique, Scanning Electron Microscopy (SEM), UV-visible and FTIR spectroscopy, respectively. XRD analysis confirms that all samples have hexagonal structure with no impurity phases which suggest that Cu ion successfully incorporated into the regular ZnO crystal structure. The lattice parameters, volume of unit cell, X-ray density, atomic packing fraction, c/a ratio, and grain size were calculated from XRD pattern of pure and Cu doped ZnO samples and it was found that the grain size was in the range of 23 nm to 29 nm. The strain in pure and Cu doped ZnO samples was calculated by W-H analysis. Optical properties of Zn1−xCuxO samples were studied by using UV-vis spectrophotometer. Optical absorption spectra show that the band gap decreases with increasing Cu contents. The functional group and chemical interactions of Zn1−xCuxO samples were also determined at various peaks using FTIR data and observed that the functional groups corresponding to the Zn-O bands in the samples. The photocatalytic activities of the samples were investigated by oxidation of methylene blue under UV light illumination in batch reactor. The scavenger study was carried out to find out main reactive species responsible for the degradation of dyes.
Introduction
With great ability to manipulate structure of the materials on the level of individual atoms and molecules, the nanotechnology is a promising highly interdisciplinary field. The unique optical and electrical properties of ZnO nanomaterial such as wide band gap of 3.37 eV, large exciton binding energy of 60 meV and high electron mobility at room temperature make it suitable for new application and devices. Nanostructures ZnO have many potential application in photocatalysis [1] [2], solar cell [3] [4], gas sensors [5] [6] , fuel cells [7] , photovoltaics [8] , antibacterial action [9] and so on. Due to its inexpensiveness, nontoxic and environmentally safe, it has attracted more attention over last few years. Recently, modified ZnO was prepared by doping with transition metals such as Ag [10] , Mn [11] , Fe [12] , Co [13] , Cr [14] , Al [15] and Pd [16] . The results of these transition metals doped ZnO show that the optical, magnetic and electrical properties changed with the change in concentration of transition metal. Electronic conductivity of Cu is very high and it is cheap and highly available on Earth's crust and so it is important metal for doping [17] . The doping of Cu in ZnO is expected to modify absorption, and other physical or chemical properties of ZnO [18] [19] .
There has been increasing interest in environmental purification by heterogeneous photocatalysis using semiconductor. Heterogeneous photocatalysis is an effective method to degrade a large number of organic and inorganic contaminants in waste water. The surface area and surface defects are important parameters in photocatalytic activity of semiconductor metal oxide. Several metal oxides have been used as photocatalyst such as TiO 2 , Nb 2 O 5 , Cu 2 O, and ZrO 2 [20] - [23] . ZnO nanoparticle is the most promising catalyst for the degradation of organic pollutants because of its high surface activity, crystalline size, morphologies and textures [24] . The initial step in ZnO-mediated photocatalysis degradation is proposed to involve the generation of an electron and hole (e − /h + ) pair. In aqueous solution valence band holes produce hydroxyl radicals (•OH) and conduction band electrons produce superoxide radical anion ( 2 O − ). These radicals are the oxidizing species in the photocatalytic oxidation processes, among which the hydroxyl radical is recognized to be the most powerful oxidizing species and can attack organic pollutants present at or near the surface of photocatalyst [25] .
Doping of photocatalyst with metal ions creates local energy levels within the band gap of the photocatalyst, with corresponding absorption bands lying in the visible spectral range. The photoexcitation of such impurities should lead to the generation of free charge carriers to initiate surface chemical processes but the efficiency of such systems under visible light strongly depended on the preparation method used. In some cases, such doped photocatalyst showed no activity under visible light and lower activity in the UV spectral range compared with the non-doped photocatalyst because of high carrier recombination rates through the metal ion levels [26] .
In this present work, we report the structural, optical, morphological, IR and photo catalytic properties of pure and Cu doped nanoparticles. A number of samples of Cu doped ZnO with different concentrations were synthesized by using co-precipitation method. The photo catalytic studies of prepared samples were evaluated by recording the spectra of methylene blue dye solution with catalyst at regular intervals.
Materials and Experimental

Synthesis of Doped and Undoped ZnO
All chemicals used to prepare pure and Cu doped ZnO were purchased from Sigma-Aldrich and used without further purification. The Zn 1−x Cu x O nanopowder (x = 0.0, 0.01, 0.02 and 0.03) were prepared by co-precipitation method using zinc acetate dihydrate as the source of zinc and copper acetate were used as the source of dopants. In typical process zinc acetate dihydrate and copper acetate in their respective stoichiometry were dissolved in ethanol separately. Both the solutions were mixed thoroughly and to this mixture NaOH solution in ethanol were added by constant magnetic stirring for 2 hours at room temperature. The obtained precipitate was separated from the solution by filtration, washed several times with distilled water and ethanol then dried in air at 100˚C and calcined at 450˚C for 8 hours to obtain Cu doped ZnO nanocrystals (x = 0.01, 0.02 and 0.03). Undoped ZnO (x = 0.0) was synthesized by the similar process except with copper acetate.
Photocatalytic Activity
The photocatalytic degradation of methylene blue was determined by using 25 ml aqueous solution (with initial concentration 20 ppm) and 20 mg of catalyst in a 100 ml quartz beaker. The solution was stirred in dark for 15 minute to allow the equilibrium to take place between methylene blue dye solution and the catalyst. The photo-degradations were carried out using five UV tubes (6 W each of wavelength 365 nm) keeping the sample at horizontal position at a distance 15 cm in a batch reactor. At different time intervals 5 ml sample was collected and centrifuged to separate the catalyst from the solution to record the spectra on Shimadzu UV-visible Spectrophotometer (UV-1800). After recording spectra the sample was pour back to original dye solution. All the experiments were carried out at identical condition and at room temperature. The degradation of methylene blue dye solution was noticed by integrating area under the absorbance curve. The percentage degradation (removal) was calculated by using following equation; 0 0 % removal 100
where 0 C and t C are the concentration of the methylene blue dye solution at the initial and any other time, respectively. (100), (002), (101), (102), (110), (103), (112) and (201) respectively confirms that the prepared samples are good crystalline in nature with wurtzite hexagonal structure and are agree with the JCPDS data (01-075-1533). The structural data obtained from XRD pattern of pure and Cu doped ZnO nanomaterial is tabulated in the Table 1 . The plot of lattice parameters "a" and "c" versus Cu concentration is shown in Figure 2 . From Figure  2 , it is observed that the lattice parameter "c" increase rapidly upto 1%, then slowly increase upto 2% and then decreases rapidly. At the same time the lattice parameter "a" decrease rapidly upto 1%, then slowly decrease upto 2% and then increase rapidly. This may be discussed in details as; the Cu can exist in Cu 2
Result and Discussion
XRD Analysis
It is observed that the number of unit cell per particle increases upto 2% and then decreases. This shows that the ionic radii of Cu ions leads to shrinking of unit cell per particle in such way that lattice parameter "c" increase as "a" decrease and vice versa. 
Lattice parameter c (Å)
The volume of unit cell can be determined by using well known formula,
The volume of unit cell versus Cu concentration is shown in Figure 3 . It is observed that the volume of unit cell increases rapidly upto 1% of dopant concentration and then slightly decrease up to 2% and then suddenly decreases. This may lead due to the defect or vacancies formation in the transition phase of Cu + , Cu 2+ and Cu
3+
ions during sintering or diffusion process. The X-ray density of ZnO sample was calculated by using the formula [28] ,
where, x D is X-ray density, n is the number of atoms per unit cell, M is the molecular weight of the sample, A N is Avagadro's number and V is the volume of unit cell. It is observed that the X-ray density depend on molecular weight of the sample as well as volume of the unit cell. It is observed from the Table 1 that the average atomic packing fraction (APF) of all samples is ≈0.73 which is in good agreement with the standard wurtzite hexagonal structure. The c/a ratio shows that the isotropic nature of the prepared materials.
A definite line broadening of the diffraction peak (101) of pure and Cu doped ZnO samples is an indication that the synthesized materials are in nanometer range. The crystallite size (D) was calculated from line broadening of the major XRD peak (101) using the Scherrer's formula [29] .
where, K is the shape factor, which is a constant taken as 0.9, λ is the wavelength of the X-ray radiation (λ = 1.5416 Å), β is the full-width at half-maximum (FWHM) in radians, θ is the Bragg's angle in degree. The crystallite size of the pure and Cu doped ZnO sample obtained from Equation (4) are listed in Table 1 . It is found that the samples synthesized by co precipitation route have grain size between 23 -29 nm. In order to understand the peak broadening with lattice strains, various peaks appeared in the XRD pattern were used. The Stokes and Wilson [30] formula given in Equation (5) were used to calculate the strain induced broadening of the Bragg's diffraction peak. 4(a)-(d) . It is well known that, in the absence of strain in broadening of peak, the cos hkl β θ versus 4sinθ plot is expected to be a horizontal line parallel to the 4sinθ axis and in the presence of strain in broadening of peak, it should have a non-zero slope. The obtained values of grain size and strain induced in the broadening of the peak are tabulated in Table 1 . It is observed that the strain value increases up to doping 0.02 and then decreases. This may be due to the increment in number of unit cell per particle as a result of substitution of Cu + , Cu 2+ and Cu 3+ ions in Zn site.
Optical Analysis
The UV-vis spectra of pure and Cu doped ZnO samples recorded in the wavelength range 300 -1100 nm at room temperature. The band gap was calculated by plotting the absorption plot (αhν) 2 versus (Energy, E) shown in Figure 5 . The values of energy band gap calculated from Figure 5 are tabulated in Table 1 and it is found that the band gaps of pure and Cu doped ZnO samples are in the range 3.20 -3.55 eV. It is observed that band gap decrease with increasing Cu concentration upto 0.2 and then increases. This may be due to decrease in strain as a result of increment in number of unit cell per particles. (with catalyst). The potential of ZnO nanoparticles towards degradation of dye solution was tested by adding different mass of ZnO (5, 10, 20, 50 and 100 mg) in 20 ppm 25 ml methylene blue solution at pH = 6 under atmospheric pressure and at room temperature. Figure 7 illustrates the effect of catalyst concentration towards the degradation of methylene blue solution. The degradation of methylene blue increases as the mass of ZnO increases from 5 to 100 mg but after 20 mg of ZnO, photocatalytic degradation does not improved significantly. All further catalytic photocatalytic activities were restricted to 20 mg (optimum concentration for 25 ml methylene blue solution). Optimum concentration of the catalyst depends on the experimental setup (working condition) and the incident radiation. Figure 8 shows the absorption spectra of methylene blue solution with pure and Cu doped ZnO respectively, under UV light irradiation. By observing percentage removal curve (Figure 9) , it is clear that undoped ZnO is more effective photocatalyst as compared to Cu doped ZnO. The photocatalytic efficiency of ZnO nanoparticles decreases with increasing Cu concentration. This is in accordance with C. M. Teh and A. R. Mohamed [31] , the doped metal oxide had thermal instability and the metal ions doped into metal oxide have been verified as the main cause for the partial blockage of surface sites available for photocatalytic activity [32] .
FTIR Analysis
Photocatalytic Analysis
Reaction Mechanism
In the photocatalytic oxidation process the reactive species are h 
Morphological Analysis
The scanning electron microscopy (SEM) images of pure and Cu doped ZnO is shown in Figure 10 micrograph indicates that the shape and morphology of ZnO nanoparticles changes with increasing Cu concentration. These images revealed that the individual particles were composed by the collection of particles of various shapes with increasing Cu concentration. This indicates that doping of Cu ions influences strongly on morphology of ZnO nanoparticles. These images also show that the agglomeration in nanoparticles increases with increasing Cu concentration and dispersivity, homogeneity of particles was not good. This may be owing to the calcinations temperature which was 450˚C and substitution of different Cu + , Cu 2+ and Cu 3+ ion in Zn site with increasing Cu concentration.
Conclusion
In summary, Pure and Cu (1%, 2% and 3% at wt) doped ZnO samples successively prepared by co-precipitation method at room temperature. From XRD data it is confirmed that all the samples are good crystalline in nature with wurtzite hexagonal structure. The lattice parameters "a" and "c" indicate that Cu + , Cu 2+ and Cu 3+ ions substitute in Zn site with increasing Cu concentration. The change in volume of unit cell may be due to the defects or vacancy formation in the transition phase of Cu + , Cu 2+ and Cu 3+ ions during diffusion process. The absorption spectra show that the value of energy band gap varies due to the influence of strain. The chemical groups of samples are identified by FTIR spectra and prominent IR peaks are analyzed. Photocatalytic measurements reveal that increase in Cu doping in ZnO nanoparticles does result in lower photocatalytic activity.
